Background. Potential benefits of screening need to be carefully balanced against the financial burden for the national health care system.
Introduction
Despite important advances in therapy and translational research, strategies for breast cancer control are geared towards early detection of the disease. [1] [2] [3] In high-income economies, such as US or Western European Countries, mammographic screening has been widely implemented, leading to various improvements in breast cancer treatment outcomes. [3] [4] [5] [6] However, cost-effectiveness of organized and centralized screening has to be taken into account when a nation-wide program is introduced, in particular in emerging countries. Although Poland is ranked by the World Bank as belonging to high-income countries (http://data.worldbank.org/country), the gross national income (GNI) per capita (13 730 USD) remains considerably lower than in Western Europe, and is just slightly above the borderline value (12 616 USD), which results in strongly limited health care budget. There is mixed data regarding the economic attractiveness of mammographic screening in low-and middle-income countries. The evidence base is still too small to generalize these findings and draw significant conclusions. 3 Lower Silesia is a region with 3 million inhabitants in southwest Poland. Since the introduction of mammographic screening, approximately 60 000 women have been screened each year. During the initial (2007) (2008) and first subsequent (2009-2010) round of screening the technical recall rate was 0.27% and 0.1%, whereas further assessment rate 6.2% and 4.5%, respectively. The cancer detection rate (both invasive and ductal in situ) was 6.6/1000 and 5.5/1000 while cancer detection rate, expressed as a multiple of the expected breast cancer incidence rate, was 3.8 and 3.3, respectively. 7 Positive predictive value of screening test and the further assessment was 11 and 77%, respectively. 7, 8 The general assessment using early indicators reveals that diagnostic service conforms to the European standards on an acceptable or even desirable level. 9 Because these operational objectives are accomplished, the program has a chance to replicate a significant reduction in breast cancer mortality achieved in randomized trials. On the other hand, the potential benefits of screening need to be carefully balanced against the financial burden for the national health care system. 10 However, except for our preliminary report from the first year of screening, no other complex analysis of breast cancer detection costs has been done yet. 11 The aim of this study was to evaluate the cost-effectiveness of population-based mammographic screening in the region of Lower Silesia.
Material and methods
Population-based breast cancer screening in Poland has been fully introduced on January 1, 2007 (after a pilot phase in 2006) by the Polish National Health Fund. This nation-wide program targets women aged 50-69 that are not undergoing treatment or being followed-up due to breast cancer. Personal invitation letters are issued centrally by the National Health Fund based on its population register. Two-view screen-film mammography, craniocaudal and oblique, is used as a standard screening test. Routine round length of the program is 2 years. All women with radiological findings categorized as BIRADS 3-5 are recalled for assessment. The second level diagnostic tools are breast clinical examination, additional imaging, and invasive investigations if needed. Following further assessment women are referred to the mammography at the routine round length of the program (benign lesions), to the short-term follow-up after 6 months (lesions of uncertain potential of malignancy), or to the treatment if breast cancer had been detected on biopsy (core-needle or vacuum-assisted).
Data was collected in a prospective manner using SIMP computer system (the official electronic system for monitoring of prophylaxis programs), as well as the databases of the regional branch of National Health Fund and the Lower Silesian Cancer Registry. The amount of expenses during the each analyzed year was obtained from the Regional Coordinating Center for Screening Programs. The number of screen-detected cancers comprises both ductal carcinomas in situ and invasive breast cancers. Costs of invasive investigations are included into the costs of the further assessment with the exception of vacuum-assisted biopsy that is reimbursed separately. Costs were measured, converted into US dollars (USD), and expressed in 2015 USD using the comparison of purchasing power of money calculated with the Consumer Price Index (CPI). Calculations were done using the database of Polish National Bank (www.nbp.pl) to determine exchange rates and the Measuring Worth service to measure the worth of amounts in USD over the time (www.measuringworth.com).
Results
The expense for screening mammograms in the initial round Table 1 .
Discussion
To compare the costs and effects among different screening programs is difficult. Cost-effectiveness of mammographic screening generally favors the organized and centralized programs, mainly because of better organization, attendance rate, extended invitation scheme covering a large part of the eligible population and comprehensive quality assurance procedures. 10 Published cost-effectiveness ratios may differ tremendously, but are often the result of different methods of calculation, time periods considered, including or excluding downstream cost. The effects of screening depend on many factors, such as the epidemiology of disease, the health care system, the quality of program, and the costs of health care. 12 Estimation using a computer model showed that these marked differences make it impossible to set up one uniform policy for all the countries. 10, 12 When we evaluate the cumulative expense for mammographic screening with regard to the number of cancers found, our program looks favorable. If we assess the similar period at the start of program, the reported cost of cancer detection expressed in 2014 USD varied from 11 385 (Italy, 1991-1992) to 12 925 (Spain, 1995 (Spain, -1996 . 13, 14 Our screening seems to be much more cost-effective but the limitations of that comparison should be kept in mind. This difference is hard to explain. It might have been influenced by many factors, since the number of cancers detected is the product of screening sensitivity, incidence of breast cancer in the eligible population, and the percentage of women screened. 15 Moreover, lower reimbursement rates and salary levels in the Polish health care system compared to those in Western Europe are among many other possible explanations.
Burnside et al. used a special economic model to simulate mammography and estimate the aggregate cost and quality of screening in the US. The model generates the total USD (2001) spent on screening for the base case assumptions. Assuming approx. 65% attendance rate, a 4-7.8% recall rate, and a 30-35% cancer to biopsy ratio, the total cost would be 4 517 billion USD while the number of biopsies performed would be 337 000. 15 Through this model, the costs and cancers detected can be evaluated using different recall and biopsy characteristics. This model shows that approaching the screening goal of maximum participation (100%) would produce extremely different cost characteristics depending on the practice style parameters. The low recall rate (2.5-3.5%) and high cancer to biopsy ratio (47%) style saves over 697 million USD and over 137 000 biopsies as compared with the base case. On the other hand, the high recall rate (11%) and low cancer to biopsy ratio (< 11%) style would cost almost 3 198 billion USD more than the base case and would generate 1 156 000 more biopsies. An analysis of the number of women who can be screened and evaluated for a fixed expenditure also reflects the financial impact of distinct practice characteristics. For example, if 4 billion USD is available for breast cancer screening, the program screens (using the base case values) 67.3% of the population; 87 968 cancers will be diagnosed, and 295 000 women will undergo biopsy. This program, which uses a low recall rate and high cancer to biopsy ratio screens 75.5% of the population; 98 541 cancers will be detected, and 244 000 women will undergo biopsy. The benefit is an additional 10 000 breast cancers diagnosed early by mammography with a reduction in over 50 000 biopsies. In contrast, a program performed with high recall rate and a low cancer to biopsy ratio would screen only the 50.1% of the eligible population; 713 000 women will 15 Theoretic models suggest that the marginal cost per year of life saved by screening can be reduced up to 23% with substitution of minimal-invasive biopsy for open surgery. 16 Liberman et al. estimated that stereotactic biopsy could decrease cost of diagnosis by 50% with annual national reduction in cost approaching 200 billion USD. 17 Rubin et al. compared the cost-effectiveness of distinct methods of invasive investigation in their analysis of consecutive biopsy procedures for non-palpable mammographic abnormalities performed from 1984 (needle-localized surgery) to 1998 (vacuum-assisted core biopsy). Increased use of minimal-invasive techniques, instead of open biopsies, resulted in a significant decrease in the total expense for cancer detection from 19 503 to 14 490 USD (1998). 18 If expressed in 2014 USD, the cost of breast cancer diagnosis is reduced from 28 380 to 21 010 USD, which gives an important 7 370 USD saving per each cancer case.
The studies mentioned above clearly indicate that some performance indicators can reflect the cost-effectiveness of the screening program. Taking this under consideration, our service seems to work well. The recall rate is acceptable (in the base case range), minimal-invasive biopsy rate (core-needle and vacuum-assisted) is on a desirable level (95%), while the cancer to biopsy ratio is very high (72%). 7, 8 The main disadvantage of our analysis is the fact that since vacuum-assisted biopsy is reimbursed separately, its cost is not included into a total expense for screening program. For the attendees' convenience, over 90% of screening mammograms are completed in many small services outside our hospital in strict accordance to high quality standards. However, a vast majority of the vacuum-assisted procedures in the region of Lower Silesia and almost all of these biopsies for screen-detected abnormalities are performed in our institution. Hence, some conclusions can be drawn. The reimbursement rate for vacuum-assisted procedure in Poland between 2007 and 2009 was approximately 1 000 USD. This type of biopsy offers considerable advantages, but because of the limited budget it was generally reserved for microcalcifications (under stereotactic guidance) and for very small mass lesions (ultrasound-guided). In 2007 the number of cancers found in the screening program was 543. As we reported elsewhere, in the same year a minimal-invasive biopsy rate was 95%, while a benign to malignant ratio was 1 : 2.55, which gives a cancer to biopsy ratio as high as 72%. 19 To confirm a malignant histology of screen-detected lesions, a total number of core-needle and vacuumassisted biopsies performed in that year was 254 and 462, respectively. If we include the additional cost of vacuumassisted procedures (462 000 USD) into the total expense for screening program the cost of cancer detection will rise up to 4 517 USD, which still remains low.
In conclusion, our findings indicate that because of low cancer detection cost a population-based mammographic screening conforming the European quality standards is cost-effective for emerging economies. It should be an important part of the public policy even in countries with strongly limited health budget.
